In this paper, we propose two-layer coding algorithm to improve the performance of the H.264-based lossless (H.264-LS) image coding. From universal access point of view, the proposed method is based on the H.264 lossy image coding with other CABAC layer to compensate the lossy portion. Besides, the H.264-LS with DPCM (H.264-LS_DPCM) and H.264-LS achieve different coding performance in use of CABAC and CAVLC entropy coders without the DCT and quantization. We further suggest an adaptive entropy coding (AEC) algorithm to determine the best entropy coder by using the image content variations, which is calculated from the sum of absolute difference of intra prediction. Simulation results show that the proposed AEC method have good correct detection rates and improvement of compression rate for H.264-LS and H.264-LS_DPCM coders. The two-layer H.264-LS almost have the same compression rate than the H.264-LS_DPCM.
INTRODUCTION
Lossless (LS) image coding is a very important technique to efficiently and perfectly preserve valuable information of medical images, seismic data, digital archives, and digital documentations, which do not allow any distortions, for storage and transmission. The JPEG lossless (JPEG-LS), which combine adaptive prediction and variable length coding, is the first and simple loss image coding standard [1] . However, JPEG-LS is the best lossless image coding method up to now [6] , but it can not provide any scalable feature. Based on wavelet transform, the JPEG2000 image coding standard can effectively provide both lossy and lossless image compression [2] . Recently, the H.264-based advance video coding (H.264/AVC), which adopted several advanced coding features, achieves much better video coding performance than the existed video coding standards [3] . For image coding, H.264 only can be operated in intra frame coding to provide a satisfactory lossy image compression. Unfortunately, the H.264 lossless (H.264-LS) can be only based on intra prediction and entropy coding techniques, can not achieve a better performance than the existed lossless image coding standards [1] , [2] . Several research works have studied some improvement of H.264-LS [4] - [6] . To reduce the possible transformation error, the designs of discrete cosine transform (DCT) for H.264-LS can be found in [4] and [5] . However, the image quality might still be lost while it involving any transform. In [6] , a pixel-by-pixel differential pulse code modulation (DPCM) has present as an enhancement of H.264/AVC standard. With the DPCM technique, the H.264-LS produces the minimum intra prediction residua values to achieve a robust compression in use of entropy coding. Unfortunately, it can not be operated for lossy image coding. To design a universal H.264-based image coding method, as JPEG2000-LS, to simultaneously achieve a better efficient compression for lossy, near lossless and lossless image compression methods should be an important topic for image storage and transmission.
In this paper, we suggest that the context-based adaptive binary arithmetic coding (CABAC) [7] , and context-based adaptive variable length coding (CAVLC) [3] , should be adaptively adopted for advancing the H.264-based lossless image coding method. We utilize the existing intra prediction residual values to obtain an image content variations (ICV) feature, which can be simply obtained by sum of absolution difference (SAD) after intra prediction. For universal image coding, we suggest two-layer image coding based on H.264 lossy image coding. Simulation results show that the proposed adaptive entropy coding (AEC) method can enhance higher compression rate for the H.264-LS_DPCM and H.264-LS. The two-layer H.264-LS almost have the same compression rate than the H.264-LS_DPCM. The rest of this paper is organized as follows. In Section 2, we briefly review the 4×4 intra prediction coding processes of H.264-LS and H.264-LS_DPCM. In Section 3, a universal image coding will be described. In Section 4, we propose the adaptive entropy coding by using the ICV feature to improve the coding performance for H.264-based lossless coding methods. Finally, the simulations results with some discussions and the conclusions are addressed in Sections 5 and 6, respectively.
OVERVIEW OF H.264-LS AND H.264-LS_DPCM
In H.264-LS coding standard, the intra prediction is conducted in a block-based fashion. The intra prediction for YUV image formats utilizes three different prediction blocks (4×4, 8×8 and 16×16) with various prediction modes. As shown in Fig. 1 
Encoder: (4) where s n presents the original spatial domain pixels at the same locations of m n p . To determine the best prediction mode, which has the optimal compression, all the modes should be tested to achieve the minimum rate. After intra prediction, the residual values will be coded by entropy coding without the DCT and quantization. As shown in Fig. 2 , it is obvious that 4×4 intra prediction has smaller residual values than 16×16 intra prediction in the Y component gray images.
Recently, the DPCM concept has been suggested to achieve a better pixel-by-pixel intra prediction [7] . For Mode 2, the DPCM-based intra prediction has the same prediction as the block-based prediction, which is addressed in (1 Of course, the residual values, r n as the block-based prediction can be computed by (4) . For lossless compression, the residual values, r n will be completely reconstructed after entropy decoding. As shown in Fig. 3, in It is obvious that the residual values after the DPCM pixel-by-pixel intra prediction have smaller than the block-based intra prediction. Fig. 4 shows that the DPCM-based intra prediction has smaller residual values than the block-based intra prediction.
H.264-BASED IMAGE CODING FOR UNIVERSAL ACCESS
In general, transform and quantization can not be used for lossless image coding such as JPEG-LS, H.264-LS and H.264-LS_DPCM, since they would cause transform and quantization errors. If we want to transmit one bit-stream, which can provide lossless and lossy images at the same time for different clients, either JPEG-LS or H.264-LS can not offer such capability. To solve this universal access problem, we propose a lossless image coding method based on H.264 lossy image coding as shown in Fig. 5 . We can control the lossy image compression bit-stream by controlling the quantization parameters (QP). For lossless applications, we use the existed entropy coding to encode the difference between the original and reconstructed images after executing the inverse DCT and inverse quantization obtained from lossy bitstream. As shown in Fig. 6 , it is obvious that difference have the distribution of high frequency in different QP. The D bitstream is used to represent the coding results of difference after executing CABAC. With lossy and D bitstreams, we can achieve lossless compression. To achieve the best lossless image compression, we train 20 images from QP = 1 -30 to find the optimal compression rate [8]. Fig. 6 shows the distribution of difference values from QP = 5 -25. According to our analysis, the QP = 10 have the optimal compression rate in average. Table 1 CABAC have better compression rate than the CAVLC in the lossy image coding. Therefore, we only suggest that adopt CABAC for proposed two-layer H.264-LS.
ADAPTIVE ENTROPY CODING
Since H.264 has suggested two entropy coding methods, CABAC and CAVLC, simulation results depicted in Table 1 show that H.264-LS and H.264-LS_DPCM will achieve different coding performances while using the CABAC and CAVLC entropy coders. Because the residual values are not operated by DCT transform and quantization after executing intra prediction, either the CABAC or the CAVLC can not achieve the best coding performance. In order to determine a proper entropy coder, in this paper, we suggest that the SAD of the k th 4×4 intra prediction block be defined as is used to decide the entropy coding method to achieve the optimal compression. The suggested AEC detection mechanism becomes Table 4 . It is obvious that we should adopt the two-layer H.264-LS for universal access.
CONCLUSIONS
In this paper, we proposed the two-layer H.264-LS image coding method, the lossy bitstream provides the original intra frame coding result and the D bitstream offers the compensation of lossy portion. The coding performance of two-layer H.264-LS is only worse than the H.264-LS_DPCM. However, the two-layer H.264-LS could be used for applications of multiple clients with different receiving capability. Since H.264-based lossless image coding methods achieve different coding performance in use of CABAC and CAVLC entropy coders. The proposed AEC algorithm to properly determine the best entropy coder in average achieves 88% and 93% correct detection rates of the optimal entropy coder for H.264-LS and H.264-LS_DPCM coders, respectively. In future, we will advance the compression rate of two-layer H.264-LS for scalable lossless image/video coding. 
